INTRODUCTION
IN Lolium perenne chiasma frequencies are closely correlated with the longevity of populations (Rees and Ahmad, 1962) . Populations of annual habit have higher chiasma frequencies than more "perennial" populations. Results from rye (Sun and Rees, 1964) agreed closely with those from Lolium. It was suggested that this relationship between chiasma frequency and longevity might well be of adaptive significance. The present work examines chiasma frequency variation in relation to longevity in another Lolium species, viz., Lolium multjfiorum. This species is especially suitable for such an investigation because many varieties are available which differ widely in the duration of their life-cycles.
MATERIALS AND METHODS
Seven varieties of Lolium mu1tfiorum were compared (table 1). They range from strictly annual to relatively perennial.
First, 50 plants of each variety were sown in boxes Ofl 31st January 1967 and the seedlings subsequently planted in the field in a randomised block experiment with 5 replications of 10 plants each. Chiasma frequencies were scored in 20 pollen mother cells (p.m.c.) in a random sample of 20 plants from each variety (4 plants from each replicate). The chiasma frequency was expressed as the average per cell. A second sowing was carried out on 16th April. It consisted of the same 7 varieties but, in this case, each variety was represented by 60 plants sown as a randomised block experiment with 3 replicates. The proportion of plants having flowered in each variety was estimated at the close of the season (September).
There was no significant variation between replicates in respect either of flowering or chiasma frequency. For this reason the data in the tables and figures below are pooled over replicates.
RESULTS
(a) The "perenniality index Cooper (1960) has shown that the proportion of plants flowering in the first season following a late spring sowing is a good index of the "peren. niality" of a population. The more "perennial" the population the lower is the proportion of plants flowering-and vice versa. The proportion for each variety, the "perenniality index" (P.1.), is given in table 1. These P.1. values are estimated from the April-sown plants. Plants derived from the January sown seed all flowered-as indeed was to be expected.
The P.1. values vary considerably between varieties. The differences are significant (P = <0.001).
(b) Chiasmafrequenc and perenniality It is particularly important to emphasise that the chiasma frequencies were estimated in all cases from populations sown in January. It will be recalled that following such early sowing all plants flowered in all populations Consequently the chiasma frequencies, even in the more " perennial" populations, are from a random sample of plants and not simply those which flowered in the first year, such as would be the case after a late sowing. This, of course, rules out any bias that might have been due to a variation in chiasma frequency between plants which flowered in the first year as compared with those not flowering until the second year.
The chiasma frequencies are given in table 1. Differences between populations are significant (P <0.001).
In fig. 1 the mean chiasma frequencies of populations are plotted against their P.1. values. From this graph it is clear that the chiasma frequencies increase with increasing P.1. values. In other words, the more "annual" the population the higher its chiasma frequency. A regression analysis of variance confirms the relationship. The regression is positive and highly significant (P <0.001). The results agree completely with those described by Rees and Ahmad in L. perenne.
(c) The question of pleiotropy Before one concludes, as did Rees and Ahmad (bc. cit.) and Sun and Rees (bc. cit.) , that the variation in chiasma frequency is adaptive and determined by selection in relation to the longevity of a population it is necessary to inquire into another possible cause of the correlation between the two characters. The alternative possibility is that the physiology of plants which flower readily after spring sowing is such that these plants also have high chiasma frequencies at meiosis. Put in genetic terms, this would mean that genes permitting flowering after late sowing have a pleiotropic action as compared with plants from longer-lived populations. This is clearly illustrated in fig. 2 , in which the average flowering time is plotted against the P.1. for each of the 7 varieties. The regression of flowering time on P.1. is negative and highly significant (P = <0.001). It follows that if the chiasma frequency variation is due to a pleiotropy of genes controlling flowering we Witala.
should expect, within populations, a correlation between plant flowering time and chiasma frequency-in the present context a negative correlation. There is no evidence whatsoever of such a correlation ( fig. 3) . We must conclude, therefore, that the chiasma frequency variation between the varieties is not the consequence of a pleiotropy by genes which determine differences in flowering.
(d) Chiasma frequency and fertility It could also be argued that the higher chiasma frequencies in the shorter-lived populations could simply be the outcome of a selection for high fertility because a high seed set clearly has high priority where propagation depends largely on re-seeding. Plants with very low chiasma frequencies leading to failure of chromosome pairing and to univalents would be at a severe disadvantage and, therefore, liable to be eliminated by selection. No such explanation, however, will adequately account for the chiasma frequency variation between the present populations because univalents were absent even in the scores for the more perennial populations with the lowest chiasma frequencies.
CHIAsMATA AND VARIABILITY
As has previously been pointed out by Rees and Ahmad (bc. cit.) , the higher chiasma frequencies in the shorter-lived populations is somewhat unexpected. In short-lived populations one expects, on theoretical grounds, to find mechanisms restricting variability (see for example Darlington, 1939; Mather, 1943) , and there is much evidence to support this general contention. Thus annuals are more often inbreeding and have fewer chromosomes than perennials (Grant, 1958; Stebbins, 1958) . Both features serve to restrict the variability of populations, the first by creating and maintaining homozygosity, and the second by reducing recombination within the chromosome complement. While it is, therefore, undeniable that a restriction on variability is the general rule among short-lived populations it would, at the same time, be wrong to suppose that all components of the genetic system of such populations would necessarily work in a complementary, restrictive fashion.
This point has been emphasised by both Grant (bc. cit.) and by Stebbins M2 (bc. cit.). For example, they both cite the common occurrence of higher chiasma frequencies in inbreeders as compared with related outbreeders. Numbers as in fig. 1 .
Here the one component, in the form of a high chisama frequency, would serve to increase the variability whereas the other, the inbreeding, has the opposite effect. They interpret such apparently contradictory situations in terms of a compromise whereby the extreme uniformity which results from inbreeding is compensated by a high degree of recombination (and of variability released) following rare but perhaps inevitable outcrossing in normally inbred populations. Rees and Ahmad (bc. cit.) and Jones and Rees (1966) have produced evidence indicating that the high chiasma frequencies in short-lived Lolium perenne populations serve also to compensate for a lower potential variability in these populations as compared with longer-lived populations.
An attempt has been made to find out whether the higher chiasma frequencies of the shorter-lived Lolium multjflorum populations investigated in the present work may also compensate for a lower potential variability. Only detailed selection experiments can yield reliable measures of the potential genetic variability of a population, but a simple index, for comparative purposes, was obtained for the seven Lolium mu1t/borum populations by calculating the between-plant variance for each of two characters in each population. The characters were flowering time and the mean plant chiasma frequency (table 2) . The reasonable assumption is made that the higher the variance the greater the potential variability. On this basis it is clear from the table that the more short-lived the population the lower the potential variability. As in Lolium perenne, their higher chiasma frequencies may well compensate for the lower potential genetic variability. Indeed, when the variances for the two characters are plotted against the chiasma frequencies of the 7 populations it will be seen that, in both cases, there is a convincing negative correlation (figs. 4a and b). The regressions are significant (P = <005 and <001, respectively). In so far as these variances reflect directly the potential variability, there is in L. multfborum, as in L. perenne, a compensating increase in chiasma frequency with decreasing potential variability which, in turn, is closely dependent upon logevity. It needs to be emphasised that all of the plants investigated are representative not of natural populations but of bred varieties. Consequently, while it is both reasonable and feasible to conceive of the chiasma frequency variation between these populations as the adaptive consequences of selection it is not clear whether such variation is the result of selection during breeding or is a relic of the selection imposed upon the natural populations from which the varieties were originally derived. The latter appears the more likely. For one thing it is difficult to visualise such a subtle change in the genetic system of a population as a consequence of a relatively short-term breeding programme.
5. SUMMARY 1. In Lolium multflorum chiasma frequency is correlated with longevity. The chiasma frequencies are higher in short-lived than in more" perennial" populations.
2. There is evidence that the higher chiasma frequencies in the shortlived populations may compensate for their relatively low potential genetic variability.
